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\ 4 Jet Results from DO

and a little bit of background

Defining, measuring, and interpreting jet final
states in hadron collisions

Bob Hirosky
University of Virginia
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" PP collisions and jet production

==, The initial state
#. % Non-perturbative parton distribution functions (PDFs) give
| ﬁ initial parton states. Determined empirically.

e.g. Deep inelastic scattering to probe proton structure

Hadronic Proton

recoll

Elektron

Elektron
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\4 Initial state

Hadron structure is rather fluid.
The harder you look, the more
you see. Valence quarks account
for ~few percent of proton's

mass. The rest is due to QCD
interactions, creating a sea of
partons of incredible complexity
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Q2 = level of magnification

High momentum
probes needed to

. - |
resolve small
features. ?JW& \f\_/ 2

e Observable
Initial state is
effectively a
function of
momentum
exchange.

e

A=
p

* Lower momenta
probes integrate
(Ax,At) features.
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Parton distributions in the proton

When colliding two protons, the 14 Q%=10 GeV*
parton soups interact. 12 gluon

1.0
Our initial state and therefore the 0.8 up

effective center of mass energy V8 06
in any collision is a random process, __ 94
determined by the probability to find &
a parton of type i with a fraction x of ™

the momentum of the incoming X Q*=10°GeV-?
proton. i softening

1.4

s of structure

High probability of finding low-x
partons. Lot's of soft collisions for

at higher E

every hard scatter involving a large 8'2
fraction of the proton's momentum 0.4
=> need MANY collisions to do high 0.2

energy physics. —
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w Seems messy...

You don't use quantum mechanics to
describe a bulldozer (or other macroscopic
ensemble), why can we do it here?

We have many partons of varying
momenta, all capable of interacting,why
might we expect this to be sensibly
describable?

July 2009

AsymptOtiC freedom Saves US- Strong QS(Q) a & Deep Inelastic Scattering

coupling constant weakens at large Q2. M % Heavy Quarkonia
1
L s (QZ) =
I : I l 2/A2) |
« Leads to confinment at large distance (low 03 Boln(Q7/A%)
2
Q?) scale O(R )

0.2

» But a hard interaction freezes out spectators
and colliding partons act as if free

=QCD os(Mz)=0.1184 =0.0007
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" PP collisions and jet production

Non-perturbative PDFs give initial parton states.
#*’ fi(as)  Determined empirically, Q? evolution according to
! ’ QCD theory

3 Description of hard scattering factorizes from
EICH parton density model. At leading order (LO) we
have a 2-to-2 process.
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P collisions and jet production

Non-perturbative PDFs give initial parton states.
#*" fi(as)  Determined empirically, Q? evolution according to
' ! QCD theory

Final partonic states determined
by convolution of PDFs and
pQCD scattering amplitudes

f Cross sections for hard scattering of partons may
§ f2(s) be calculated via perturbative expansion in QCD

O'pert Ofs = (Za Cn) ®f1(as) ®f2(as)
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oving into the final state

pp Interactions - Creation of Jets
Final State Radia'l'ion‘ T_
(FSR)
Initial State Rudiuﬁon‘
(ISR)
P—> 7
Remnants
Beam ) 3
Remnants )\ % ‘{ 3 o |« p
f/ —
/ -{ Varelas CTEQ Summer School 2009

LHCG 10
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ragmentation

Particle Fragmentation Functions

ol e Outgoing parton fragments, another long-
"\ range, non-perturbative process
2 BN
5;1 N i ® / O
T - - Erwicss \ .
e TEE n._ax;J, 0E 06 07 0.8

Fragmentation functions D_ (Z,,1.) — = —

model the probability of finding a
particle of type h with a momentum
fraction Z_of the parent parton d

» Determined from global fits of data from DIS and e+e-
e Quarks and gluons fragment differently
e “evolution” of the fragmentation functions can be calculated by pQCD
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" The long and the short of it
Jet
Unuc:lerl\l,fingI
Event | _
Hard e ¥ Fragmentation
Scatter
Jet
T etc
Long range Short range, Long range

hard scatter

Problem “neatly” factorizes into a perturbative hard scatter (+ hard
radiation),

Non-perturbative parton density and fragmentation models (+soft
radiation).
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ving pp collisions

Accelerator energy is only part of the picture, b/c energy is split over
many constituents, pp collisions scan wide range of V§, or E In

C.O.M.
partonic reference frame.

Most interesting collisions are usually selected by identifying particles
with high momentum transverse to the beam direction, high transverse
momentum or p_ (often use transverse energy E. synonymously)

Hard collisions (small impact parameter) can produce high p_ final
states. Like Rutherford scattering...

This forms the basis of many jet triggers, fast ID to process data in real
time.

Note: a high momentum outgoing parton boosts fragmentation
products into compact cone around the the original parton => jet!
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UA2 1983, pp @ Vs=540GeV

Jets In hadron collisions, earl

days

DO

Define energy clusters as groups of adjacent calorimeter cells
Sum cells with E_ >0.4GeV

1.0

0.5

Fraction

1 2
hy = (ET +E7)/ ) :ET
T T
+++++4+
,__-.- by = (E} « EQIIE
] - —+—~+:
- _._+_._-t-—¢"+++++
B —- —-- by = E}/IEr
- N 1
- hl — ET/ E b
1 [ 1 1 L
S0 W 150 104 50

oo |
Plot azimuthal )
" correlation of
- clusters with
2E >60 GeV
§ |

|
HI

180*

AD(clusterl,cluster2)
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\_4 These are jets

“typical events” with >E_>100 GeV

SE ] m (a) | |(b) S
noe GEV 10 GEV
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Effect of turning up the scale

Low E. event High E, event

proton antiproton proton antiproton

~an isotropic mess “Jets” balanced back to back
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LN
B+
Cy‘aﬁ__ﬂzg.';

More jets —

LEZD CAL CAEP 9-5EP-1997 1h:30 | Run 87288 Event EZL]C'S'|35—DEE'—J.95'£] 02:2a

CRLEGD EMIN = 0.0 GaV
CAREF E SUM =1441.5 GV

ENERGY CAEP ETA-PHI

ReEvE
Ouap e

Another typical jet event

[

—

The two partons initiating these jets
at D@, carried about 2/3 of the
Incoming protons' momentum!

—

LHC@BNL July '10
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Notice
Low-level
“underlying event”

-
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| know one when | see one...

But what is a jet?
Important point: A jet is what you define to be a jet.

We're not dealing with elementary objects: (e, gamma, J, etc).
Jets are defined by algorithms, different algorithms find different jets.

A good jet algorithm:

« Gives consistent results whether applied to partons, particles after
hadronization, or to detector-level information (tracks, energy
clusters, ...)

e |s relatively stable wrt. noise,overlapping energy from soft collisions,
hadron remnants

e |s relatively straightforward to calibrate (good resolution, smallish
corrections, ...)

LHC@BNL July '10 Bob Hirosky, UVa 18
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Jet algorithms

G. Salam
jet 1 jet2 jet 1 jet 2 jet 1 jet 2 jet 1 jet 2
2 ,-*"?:f;a -c_’__'}h.H ﬂ_f‘_; *'f-f--_’}‘x Ay g:__}‘».x ;‘K_f}
\\ II" l,l' \“‘-\. 'l,. l,l' .-"'I K 'l,. "II .-"'f 'l,. "II F

\ ;S ! ;s AN / SN 7

x\\-. i I LYY J b .y .-"'f , Y Iy .-'"f
x"x_ , i x'x\x N i .-I_..-' \"\\x h i _.-""' R‘\-. A i _.-""'
“*x;x_x {;, s w.x fff 7 x Q} #.f;,;” ™, ;:} #_{ff
RY. g W

Projection to jets provides “universal” view of event

For a review of jet algorithms, see the excellent overview
by Gavin Salam at

Previous LHC@BNL workshop:
https://indico.bnl.gov/conferenceDisplay.py?confld=206
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\_4 The Tevatron and DO

| L

| fduon Scintillators

i
L &

| Muon Chambers i -
| e

|| 1 ..-"| =2
. -
: .'-".-.. - = o 1
s =

e I Calarimaber
Tevatron [ |
B X | Tarail
— 5 --':._-_ e — J-—'- e, . . — S — "
P-=gare Main Injector |
- -
m Run Il Imtegrated Lumincsity 1% Al 3302 - 4 dprd JI0 |
100
||
ag 4 4 L 4 4L L
N 8.24| |
o \/E = 1.96TeV t 1+ Delivered luminosity ;"'-j/l
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@ Peak luminosity E T | :i/ |7.33

32 .. 2,1
4.0-107cm™ “s WnnEl ﬁ{:// | |
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]
i]

1"'.-"‘-:-“"1.-"'#"" P g i"-u-n"'-rﬂ'"ri"‘q-d"'lihh"+ﬁ'“1hﬂ"$n‘w1‘ﬁq‘&n“bhﬂt'in'+*'l

L T
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‘ ' details on jet scale here and ff, from J Hegeman (CALOR 08)
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\ 4 Measuring jets

Building a great accelerator and detector, then defining jets is a
good start, but reaching good levels of precision in jet
measurements is a whole new effort...

@ Calorimeter cells make up pseudo-projective towers
@ Four electromagnetic layers (= 20 X;)

@ Three (central) or four (endcaps) finely segmented hadronic layers followed by
one coarser hadronic layer. Hadronic depth > 7.2 (8.0) interaction lengths.

@ Significant material in front of calorimeter: ~ 4 X, (solenoid, preshowers, trackers)

Preshower detector

@ Scintillating fibers

@ Used to improve
photon identification

LHC@BNL July '10
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' Canonical picture of jet observables w

Clustering algorithm chosen to
MU accurately define jets at detector
- particle, parton levels

i HAD
Jet Energy s =
Scale = T
EM = L5 =
\/ 5 ' Observed energies corrected to
hadron-level o N : :

W particle(hadron)-level expectations
= parton-level pQCD calculations are corrected
ot ge— for non-perturbative effects of

.\ @dditional hadronization hadronization and underlying event

LHC@BNL July '10 Bob Hirosky, UVa 22
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anonical Eicture of '|et observables

Clustering algorithm chosen to
MU accurately define jets at detector
- particle, parton levels

HAD
Compare data/MC here
EM ‘ ;
ST Observed energies corrected to
‘ particle(hadron)-level expectations
— parton-level PQCD calculations are corrected

for non-perturbative effects of
hadronization and underlying event

remnants/ULE —
additional hadronization

Theory/experiment typically
compared at particle-level o

LHC@BNL July '10 Bob Hirosky, UVa 23
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\ 4 Jet Energy Calibration

Goal of the jet energy scale calibration:

To correct the calorimeter jet energy back to the stable-particle jet level
before interaction with the detector

i

meas
Epti.':l o EjEt O

jet — Fﬂ'R'S 'kbias

K

O Offset subtraction removes all energy not associated with
the hard scatter

R Absolute calorimeter response
F,, n-Dependent inter-calibration of response
S Correction for detector showering effects

LHC@BNL July '10 Bob Hirosky, UVa 24
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\ 4

Subtract all energy inside the jet cone
not related to the hard interaction:
@ electronics and uranium noise

@ multiple pp interactions in the
same bunch crossing

@ left-overs from previous bunch
crossings (pile-up)

Noise/pile-up

Offset Energy [GeV]

Offset Subtraction

E'ﬂ" ! | L | L |
as- D@ Run |l Noise/pile-up Rogue=0.7 —
40 NP 4+ 1 MI E
a5l MNP +2 M p:
o N/P 4+ 3 MI =
oL MNP + 4 M 5
25E-", E
Eﬂ__ "."'.“. i |. _:
150 . R
105~ =
51 Lo
ﬂ'- ] ]

Estimated using zero-bias data; data triggered on the presence of bunch crossings and vetoing any

hard interactions
Multiple interactions

Measured in minimum-bias data; data triggered using the luminosity monitors to signal potential
inelastic scatters. Contribution from additional interactions determined from:

MI(Ney, L) = MinBias(Npy. L) — MinBias(Npy = 1. L)

LHC@BNL July '10

Bob Hirosky, UVa
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\ 4 Absolute Response

Use a very tight photon+jet sample

@ one photon within |n| < 1.0
@ one jet within |77| < 0.4
@ Ag(photon, jet) > 3.0

Missing transverse energy projection fraction method

@ independent of the jet algorithm
@ requires calibrated EM objects

Particle Level Detector Level
£
! L1 Y (tag) Er B
Ahag = 1+ 7 —
hadronic For tightly back-to-back objects:
recoll jet {(probe)
Riet = Ahad
ﬁ'r. T Jr‘l‘r had = 0 a’i: + R-'l-m'lfi..' had = _Er
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\ 4 bsolute response

The == 25% correction to the response is the largest of all energy scale contributions J

0.80F
N R'F1 = 0.7
0.751

Q.70

0.85¢

=
&

—

rel. difference [%%]

In,|<0-4

D& Run III I

20 30 40

100

200 300
E' [GeV]

@ Only =~ 1.2% uncertainty at pr = 600 GeV/c

@ The di-jet contamination in the photon+jet sample is measured in MC, verified in

data and explicitly corrected for

@ Parameterization vs. E’' = pr -, cosh n« suppresses effects of jet energy resolution

E L II T 1 i
= [ DO Runll
O 2 -
e ]
o ]
— 1,_ -
BT e -
S :
S —
[ photon 1D
-2 stat. frag. + PDF
photon scale total err.
[ . M TR R A | i : i
20 30 100 200 .

E' [GeV]

LHC@BNL July '10
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\ 4 n-dependent corrections

Calibrate forward jets with respect to central ones

photon+jet one tag photon within || < 1.0, contributes to low py region
di-jet one tag jet within || < 0.4, contributes to high pr region

>
'.1'_.]-]':!-' ET L A L T 1]
o 3k —
o F1.05 — "t D& Runi
- L - .
1.00F + 2F Roge=0.7 dijet
0.95F R .
0 90F v —— o E
2 gty A
0.80F g .
0.75/ T —wu :
3 of- = - gal alpT - 50 GeWe =
0.70F b === average msdua 1
OLESE - ]
F _3__ resdl. BAas o, —
ﬂm PR T TR T T N TR T TN TN N ST A TN S T TN T T A N T T TN N TN T e N I S S T 1 | T | PR T T TR TN T T T T N A | | N
00 05 10 15 20 25 30 35
2]
I
. = i 1
inter-cryostat region ‘cracks m
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\ 4 n-dependent corrections

n-Dependent response corrections

Sample dependence

@ Different response for gluon vs. quark jets
@ Response difference increases going forward

0.75

@ Relative quark/gluon contributions differ strongly
between di-jet/photon+jet

@ Di-jet sample used to extract shape of pr
dependence

u_'-_'1'1ﬂ:—' ] ! L L ! ! R L B

105 Rune=07 24<nj'<28

1005 ¥2indf = 1.14

0.950

0.90F

0.85F

0.80F ST

D@ Run ll

0.70EL p iy AP T
100 200 300 400 500 600

700 800
E' [GeV]

di-jet
% 1.1 Qv (i T U 1
" E e Gey
wEE D@ Run il = =B 3
1,00 e .. e
HI.'IIIH =07 L "_sﬂ'ﬂ : 32:
0495 L L -' ! 'm ‘-'l"k.-\. B w00 Gakd
= . '._. '_.'\.I "\-;_T =
A e |1 f: \\ ;
f.8s ~ ! v N
asof [~ oy _ N4
5 II." LN N 3
075 i
.II|' i -
a7
fEs f
ﬂ.ﬁc 1 ] 1
a i i i 2 a
T
photon+jet
] 114 T : I|:.
- - ol Laah
WS E D@ Runll - B 0a
— o Gk
100 Hmm =07 I--":-:?'-n‘\t-—’-_" P
C 4 - N - - w0
035 5 JI' I.-':\'" +:,:- ._1 B o 0 Gald
agak “i} M e 3
I N
amaf- 0 0 ME LA N 3
|'r P P X
|'_'|?\5 Ilr 3 .-.._..-" i sk I-\. "H.,H. .
aror- f Lo \—_
es ’
GO 1 1 ] E
A i i i 2 a
T
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\4 Detector Showering

Correct for instrumental showering effects: magnetic field bending, J

shower development in the calorimeter, ...

@ Use back-to-back photon+jet Rijer = 0.7, 1| < 0.4,100 < p; < 130 GeV/c
events and remove offset g‘“"
@ Map average energy deposited ~ £ e

by jet particles vs. radial distance
away from the jet

@ Fitting the jet/not-jet energy el
templates to the data allows

ks

10"
measurement of
) 10 Energy from particle jet
fﬂm' E (]Et} Energy not from particle jet
S = o : _ L e R R Y 3 35
fg {E(]Et} -+ E(nﬂt'jﬂt]] ARy ()
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\4 Detector Showering

Correct for instrumental showering effects: magnetic field bending,
shower development in the calorimeter, ...
@ Use back-to-back photon+jet Rier = 0.7, [ng| < 0.4,100 < p; < 130 GeV/c
R
events and remove offset 3 DG Run I _
@ Map average energy deposited £t}
by jet particles vs. radial distance * §
away from the jet 1
@ Fitting the jet/not-jet energy tol- | e
templates to the data allows - ﬂfﬁl?
et [ Data
measurement of L= Fi
o =i _ Koty ror | oo stenergy
S-= Jo~ Eliet) Eiittt oo, | Otea
- . 0. 05 1.0 1.5 2.0 2.5 3.0 15
fﬂﬁm (E(jet) + E(not-jet)) AR(y ) ()
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D@ Run Il

: z £ 0oRumn
u®1.051 R, =07 o2 Rane =07 yet =00
[ — i a :
[ T i @ [ ]
(0 e — E 1 .
0.95[ — ] o LIitassiAiiazasiadmiiiil]
- ! SR RIR A R :
0.90" 0.0 < |n| < 0.4 - A scaling .

[ 0.8 < || < 1.2 ] [ statistical fit goodness
0.85 2.0 < || < 24 4 -2 purity AR matching

DG Run ll 2.8 < |n| =< 3.2 1 [ phys. model total error
0.80 j i j [ i i il i M i
~ B10 2030 100 200 1000 20 30 100 200 _

E' [GeV] E' [GeV]

@ Calibrated using true showering in Monte @ Main systematic uncertainties:

Carlo @ quality of the fit
@ photon purity (at low pr)
@ jet fragmentation model (at high pr)

@ Verysmall corrections compared to offset
and response

More prominent for smaller jet cone sizes

Larger corrections for forward jets
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\ 4 Additional biases
Side-effects of zero-suppression: |

@ The offset energy inside a jet is larger than the offset energy estimated in the absence of jets
@ The compactness of photons with respect to jets makes photons less sensitive to
zero-suppression effects: the MPF method underestimates the jet response.

The above effects compensate to a large extent. The remaining effect is studied in MC by comparing
offset and response for the same jets with and without ZB overlay.

The MPF method is sensitive to additional activity in the event: J
g
— ok Ruw=07 yHet n®=20 3
il
52 ]
@ jets below reconstruction threshold E 1 T e E
(Et, min = 6 GeV) DE i - e
@ event selection, especially the minimum : =T et ]
Adgp(photon, | A L E
¢(photon, jet) cut : - E
@ effects of jet splitting/merging i scaling .
] : - -~ statistical AR matching 3
e 4 '35 —— phys. model. total error —
40 100 200 300

E’ [GeV] 33



VIRGINIA
|
:E'u.u'— i ] D@ Runil Eu.u'— D@ Run il
: u.‘IE:- Recea = 0.7, 1 = 0.0, y+jet 2 ﬂﬂ:_ Rlooea 5 0.7, 1, =10, yeiet
5 — Total e — Total
5 0.1 . Response 3 0.1 -« Response
| D.DBE --- Showering 3 0.08 -~ Showering
2 0.06 Offset 2 0.06]
£ 0.04f £ 0.04f
ulﬂE_ L I _' iJJ:IE:- e W Bt s ' ol
06770 208 100 200 0710 20 3040 100 200
Erje (GeV) - (GeV)
EDJ'I- AL A ) AU W Dﬁ.Fhmﬂ .............
_ _ £ o2k Rosea = 0.7, 1, =20, veiet |
Fractional jet energy scale 8 yld — Total
uncertainties for Rj; = 0.7 cone jets at 2 ~ Response
. . c 0.08 <= Showering
various n = 0.0/1.0/2.0 as a function 'ﬁﬂﬂﬁ'
of uncorrected jet pr ] £ 0.0a}
u"m' AL L i T R R ey |
078910 20 30 4050 100

= (GeV)

— ol
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Y Combined JES corrections w

:E‘u.u:— i ] D@ Runil Eu.u:--- - D@ Run il
‘E;u.m'- Rosea = 0.7, 1 = 0.0, yefet | .;!.;ﬂﬂ- Flaee= 0.7, 1, =10, wiet |
e 0.1 — Total g oib — Total
3 : = Response 2 -« Response
® 0.08 - Showering = 0.08[ -~ Showering
% 0.06 Offset % 0.06 Offset
- 0.04 w 0.04f
0.02F - 0.02 — -
0%7 10 20 30 100 200 0%7 10 20 3040 100 200
ES" (GeV) ES" (GeV)

Dominant uncertainties: Most <o ief ibrati
ost precise jet energy calibration

@ Absolute EM | - :
bsolute EM energy scale ever achieved at a hadron collider
@ Electron-to-photon energy scale
@ Photon purity in the photon+jet Several years of dedicated effort,
sample (esp. at low pr and very and ongoing to maintain calibration

f .
hiilizh withnew data.
@ Low statistics at high pr
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\ 4 Correcting jet measurements, resolution

Perfect detector:

abserved
_Pr =1
= particle ~
I

Real detector:

~(x=1)

f=.=‘i o 2o’

Resolution=o ( f)

» In true dijet events jets should balance exactly in p,.
In reality we usually see a small third jet contribution and a

non-zero asymmetry in p, given by:

jet1

-=-"'""-—-'

i ail Jierd
_'-P‘;rr —Pr )
a".I.- . _,I-BFJ! Jlﬂ._'l-_ ]Et:
\Pr +pPr ) . -
where jet1 and jet2 are jet3

the 2 leading jets in the event

» The calorimeter resolution is related to the width of the

asymmetry distribution by: o (p_)

=20,
Pr

where Ysis a sigma of the asymmetry distribution

_IIIITIIIII

-----------

LHC@BNL July '10
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L4 QCD with jets

Tevatron data provide unigue and increasingly precise inputs with...

% 10 5 BEE H (X,QZ) reaCh ’/7{;:“ s Iarge k|nemat|C
Ng [ zEUS /j{f fe aCh L
= [ CDF/D0 Inchsive jets 1<0.7 / .
0% = oommrekars ... into poorly
J commcaous constrained regions of
10 :
B665, SLAC pdf fits
102 mlllllll B gllu_nnatlQ=3.l|BG-eV
10 2 \ J—
E: HHH i
1 2 EU__JH-H(-\-HWWWHHHHHH
1 ?CTEQ6.1 gluon
10 ~  uncertainty
w® 107 1wt 1w’ 1w w! 1 e '

Access to hardest partonic subprocesses, approach limit: /5 ~+/s
LHC@BNL July '10 Bob Hirosky, UVa 37
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igh P_ jets w

¢ HighP jets -

Large high p_ cross section
— unique sensitivity

d°c/dp; dy (pb/GeV)
o

f
2F
10 Tevatron
-3
10 F
10 L —— Runll sqri(s)=1.96 TeV
m-5E ==== Runl| sqrt(s)=1.8 TeV
|
a
10 td
e
s ;
Ve a EEH RS N
50 100 200 400

LHC@BNL July '10

Run II: 0* increased x5 at p.= 600GeV

- sensitive to new physics:

guark compositeness,
extra dimensions, ...(?)...

Theory @NLO is reliable (£10%)
- sensitivity to PDFs, dynamics, a_

- unique reach for high-x gluon

0.05 0.1 0.2 0.4
1 [ T T LI T T I X_'T
@ - inclusive jets: Tevatron Run Il -
o 08 ly|<0.4
a :
S osf e
8 .
® 0.4 gq — Jets
S
S 02 | :
£ - gg — jets
] 0 E 1 R | 1 1 1 1 |
50 100 200 400

Bob Hirosky, UVa pr (GeV)
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VIRGINIA
>10"E D@ Run | * |yl<0.4 (x32) E DG RuN Il Rype=07 FNLOPQCD p_=p_=p, ~ § ® Dam 1
Q) 106é— o 0.4<|y|<0.8 (x16)| 15F L=0.70 fo’ =+ +non- perturbatlve correctlons - i SySLEMEIE uncertainty' .
ﬁmf’z m 0.8<|y|<1.2 (x8) : 5-_,,.:.:___:_-:-_-_’ f e :
> E o 1.2<|y|<1.6 (x4) _ v '--.;-q : n—— ‘-"-'“‘--4?
o 10°¢ 4 1.6<ly|<2.0 (x2) $04<ly<08 fos<ly<1.2 g
lg 103 A 2.0<|y|<2.4 I T A S R B A A SRR RS
4 102: 1.5§i-}§:NLOscaie uncerlai’nt? --E;;Zci;ohi witﬁ u’n(':ertainties __ ’,"
10 R e b I o
1.0F E—E-'—;.'.'.';.'.....,‘_;.r_ ; + G&!ﬂ-ngr s E‘¢—'—1..._‘,_.
1E s =1.96 TeV 0% |, . : y N 1 y —
10-1 L=0.70fb-1 5_11.2<y<1.6 _ 16<y<20 _520<y<24 § ]
102E R, = 0.7 OO 00 200300 0 100 200 300 80100 200 300ID GV}
-3 .
107 —NLOpQCD shape well described by pQCD/ MRST2004
10 g +non-perturbative corrections ] ] . .
10° CTEQ6.5M 1 =p_=p. EXp. uncertainties < PDF uncertainties
- 1 1 1 | ‘ 1 1 | 1
10°5060 100 200 300 400 600
=, " | Gluon Iat Ql= 1lll“‘|l:'=‘-ne.~‘*.r'2 |
pT (GeV) ~9 decades E 103 “ — MSTW 2008 NNLO (prel.) :
measurement! S "\II MRST 2006 NNLO [
Benefit from: 2 rosg |
S 102
- ity E \ ‘ L m—
high luminosity in run Il =l |\||\‘|||r|r||I(WIIIII||||||||||||||uw |
_ - - | 1
increased run Il cm energy — high p, f H |
N - - | o || I
- hard work on jet energy calibration £ o) arxiv:0806.4890 ~ jjj4
09 Ll ul L1
10°F 10° '1ﬂ 11]2 1IIZI1 1
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. I .
Y Incl. Jets: TeVatron vs LHC w

PDF sensitivity:

_ ; . . .
g 125 inclusive jet production compare jet cross section at fixed
> 105 X. = 2p, / sqrt(s)
- 4
% 103
G 10
% 10° Tevatron (ppbar)
10 . .
i >100x higher cross section @ all x_
12 2 >200x higher cross section @ x.>0.5
10 j Tevatron sqgrt(s)=1.96 TeV
10 g ==== LHC sqri(s)=14 TeV Y
0 —1 LHC (pp)
300 SRS B i B need more than 1600fb* luminosity
varton Run : : : .
.% 1 ) N rmencbeo e to compete with Tevatron @8fb*
} 5 — » more high-x gluon contributions
100 fpp S 4 e but more steeply falling cross sect.

0.05 0.1 0.2 0.4
X1 = 2p{/sqri(s)

Tevatron results will dominate high-x gluon for some years ... ’_
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VIRGINIA

\4 Dijet angular distribution

Analysis variable:
Xdijet = exp(|y1 — y2|)
at LO, related to parton CM scattering angle

B _ l4cos@”
Xdijet = T_cos @~

» flat for Rutherford scattering

» relatively flat shape in QCD

» small PDF dependence

» enhancement at low X .., for new physics

- quark compositeness
- ADD large extra dimensions
- TeV-! extra dimensions

(increased scattering at large angles)

LHC@BNL July '10

Bob Hirosky, UVa

DO

B, :
-2 0.14 | —— Rutherford Scattering
3 Ly ==== 00D
© e F L e New Physics
o 010
0.08 |-
0.06 :—_‘"'-"'—ﬂ-':.'..':_.'f.'....'..‘. ...........
_||||||||||||||||||||||||||i|
> 4 6 8 10 12 14 16
Xaijet = EXP(IY1Y2l)
Large 0” Small 6*
CM Frame

/ Jetl
0 (jet1,jet2)

— 5



w "
wwm 5 w

jlet anqular distribution

Analysm variable: 5 0.14 2 —— Rutherford Scattering
Xdijer = exD([y1 —y2]) 3 O
at LO, related to parton CM scattering angle © ~ [: =~ New Physics
L 01F
_ l4cos@” — 5
Xdijet = 1—(:0: 0 * 0.08 - :
» flat for Rutherford scattering e
e relatively flat shape in QCD 2 4 6 8 10 12 14 16
» small PDF dependence Xaijer = EXP(Y1=Y2l)
s enhancement at low X dije for new physics Large 0* Small 8*
- quark compositeness
- ADD large extra dimensions
- TeV-! extra dimensions
1 do

examine normalized distribution & Jy dijot

to reduce experimental and theoretical uncertainties
LHC@BNL July '10 » 42



VIRGINIA

Dijet anqgular distribution

Take data with single trigger (avoid
correlated trigger biases)

Correct distributions to particle level

Analyze data in ranges of dijet invariant

Mass V= Iy, YLl2
1 1.3
I 1 1 1

B =
1w

14
1.2

1

(TeV)

— 08

M.

0.6

IIIIIIIIIIIIIII:'::"-I

0.4

5 10 15
Iduet EKD{E'}" ]'

First measurement of angular distributions
of a scattering process above 1 TeV

i

% 01 [ —e— D preliminary
) W —— Standard Model
.8 0.05 1t s === Quark Compositeness
5 5L 025 <M;/TeV <03 A=256TeV (h=+1)
© o1E. e ADD Lg. Extra Dim.
= - 4 M_=1.55TeV (GRW)
0.05 - = TeV" Extra Dim.
032 ij/TeV <04 M=1.41TeV
0 [ N R T I R |
01 5
NpEs syt |Mighassay® "
0.05 |- + -
- 0.4<M/TeV<05 | 0.5<M/TeV < 0.6
O_Jllljllul[tl\ll_ILJ|\I|”1|IJI||
0.1 E 5 %
0.05 [ j -
: O|.6 < Mﬂ/T‘eV < 0.7 | - 0‘.7 < ij/TIeV <0.8 |
0 | 1 | | 1 1 1 1 | | | 1 1 | | 1 1 | 1 | | |
0.1 % i
0.05 F - 3 : ?{, t et
- 0|.8 < ij/TFV <0.9 I E 0‘.9 < I\/I”/TleV <1.0 |
0 1| T P = L1 1| L1 L1 1 111 |
0.1 | _{_ LIF
0-05 . LR . oo st
- _£1_.0 <M/TeV <11 M./TeV > 1.1
0 B | 1 L | | 1 IJJI ‘ [ | | | | | ‘ | 1 I”I | 1 | 1 Il |
5 10 15 5 10 15
L - 0.7 fb-1 xdljet exp(!y1 y2|)

LHC@BNL July '10 Good agreement w/ QCD, set limits on new physics models



7 Exclusion limits on new physics models (95% CL)
VIRGINIA

\4 Dijet anqular distribution

Quark Compositeness; A.D.D. LEDs: TeV-! Extra Dims.:
A=2.58 TeV M=1.56 TeV M =142 TeV
D@ preliminary D@ preliminary D@ preliminary
= 132 E _ = 132 b : , == 132 E " _ )
n - Quark Compositeness 2] - ADD Large Extra Dimensions 2] - TeV ' Extra Dimensions
a 130 p (positive interference) a 130 p GRW a 130
Q 128 | Q 128 W S 128
= 126 | = 126 | = 126
[aV] = ol = ol
= 124 1111 = 124 — 2 124
8 F 8 3 F
4 20 a8 a2
4 ¢ 4 ’
Z | 2
1 ™ 1 1
= 075 - 1\ = 075 - T = 075 - T
£ 05 95% CLlmitat | E o5 95% CL limit at E 05 [ 95% CL limit at
Qll 0.25 L A=2.58 TeV Qll 0.25 L M,=1.56 TeV Qll 0.25 L M,=1.42 TeV
O _I 1 11 | 1 1 1 1 ‘ 1 1 1 1 | 1 1 11 | | L1 O P 1 I 1 Il ] 1 1 1 1 ‘ 1 1 O L 1 1 1 I 1 1 1 I 1 1 1 ‘ 1 1
0 0.05 0.1 0.15 0.2 0 0.1 0.2 0 0.2 0.4 0.6
2 2 4 2
E=1/A% (1/TeV?) E=1/M! (1/TeV? &=1/M2 (1/TeV?)

Most stringent limit
from single process
at hadron collider
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Strongest limit from
a hadron collider

Most stringent
limit
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\ 4

Dijet cross section

DO

e 2 jets with p,>40 GeV =1 0"
« |yl ,the absolute rapidity of the 5 101:
jet with the largest y of the 2 I_:o

leading p._ jets > 10
-q, 107

« M., dijet invariant mass E 10°
« M, bins: twice the mass "'g 10°
resolution, efficiency and purity 10
above 50% 10"
10°

DO,L=0.7fb"
\s = 1.96 TeV
Reona= 0.7

+non-perturbative

currectmns
{pﬁ ¥ pTE

a20<ly| <24 (x10°)
s16<yl . <2.0(x109
n1.2 <y

=08<ly| <12 (x10°9
004 <ly| <08 (x10)

< 1.6 (x10°%)

max

< 0.4

M

/j

i
0.2 0.4 0.6 0.3 1 1.2 1.4

M,, [TeV]

LHC@BNL July '10
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T Yy. Uncertainty comparable to PDF, u, and u. uncertainties
VIRGINIA y P He Hy

' « MSTW2008NLO PDFs are favored by measurement

Compare

to NLO | |

prediCtiOnS - -;._f;:f:;ef....+.........;.:..*.‘Et.?.*.‘r..:.(.'.’n.‘?.'?r?).’f.?....
1.6 <yl <20 s ;z.u-:|y|m<2.ﬁ|§--------

- =

||1||||||r|r||||-||1|

0
0.
0.4- ® Data/NLO
0

DSrstematlc Uncertamty =2 MSTW2008 w/ Uncertalnty
“ 02040608 1 1.21.4 uzuaosoa 1 1214 02040603 11214

M,, [TeV]
o Note that MSTW2008 uses Runll data in PDF fits (\)
@ Good agreement in the central region
@ 40 — 60% difference between MSTW?2008 and CTEQ6.6
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VIRGINIA M . w

ultijets: 3-jet mass
First measurement of 3-jet cross
section at Tevatron

*» Require >= 3 jets In the event

S1IPFE— T T T T T
@ JEt 1 pT > 150 GeV EJ104 D@ Preliminary pT1>-|50 GeV, pT3>40 GeV
8 °|y|<0.8
» Jet 2,3 p. > 40 GeV &10 'I;I::z'i( \
=10 Aly|<2.4 (x
» Jets separated by AR > 1.4 = g 10
2*Rcone 1 \'s = 1.96 TeV x
_ LEL=07f", R =0.7 .
*» Measurement performed in: 10 . | "
o _ 10 Systematic uncertainty
? rapldlty Intervals 10°E — NLO pQCD-+non-periurbative
ly]<0.8,1.6,2.4 jotf,  SeCIOMS M S S VS Py 4 Pt Prg)
. 0.4 0.6 0.8 1.0 1.2 1.4
» p, ranges of the 3rd jet: My (TeV)

p,Jet3 > 40, 70, 100 GeV
Compare data to NLO pQCD
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VIRGINIA

Multijets: 3-jet mass

First measurement of 3-jet cross
section at Tevatron

*» Require >= 3 jets In the event
» Jetl p_ > 150 GeV

»Jet 2,3 p, > 40 GeV

» Jets separated by AR > 1.4 =
2*Rcone

» Measurement performed in:

» rapidity intervals
ly| < 0.8, 1.6, 2.4

» p, ranges of the 3rd jet:
p,Jet3 > 40, 70, 100 GeV

Compare data to NLO pQCD

DiS

pTJet3 Dependence

o H| »

Systematic uncertainty

— NLO pQCD+non-perturbative
corrections, p _p = 1/3 (p + p + p )

< 10* L DL A ' T
g D@ Preliminary P, >150 GeV, |y|<2
8 10° A st>40 GeV (x2
"'-:6 n p_]_3>70 GeV
1%:,1 02 op,>100 GeV
'8 10 B ||

\'s =1.96 TeV v

1L L=0.71b", R .=0.7 E

1 1 l L
0.4 06 08 10 12

Maiet (TeV)

N ans
do 1 Vi
— 7 : E — | - Chpsme
Clﬂfgjﬂt . &ﬂfﬂjﬂt (?_ 1 E&) Husinear

LHC@BNL July '10

Unsmeared cross section, a first!
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VIRGINIA

\_4 3-jet CS vs NLO

3 ly|<2.4

.|

Rapidity depencnence

1

9

D@ Preliminary, L = 0.7 f/ -

Sc epandence
éﬁ'u% 08 uncertainty W=13(p, +p,+P,)

0.4fF Py>150GeV, p, >40 GeV " Syst. uncertainty
[] . i a b s s 5 0 s 5 5 0 5 5 5 0 5 5 5 1 57 s 0 s s s 1 s 5 s 0 5 5 5 1 5 5 L
§a 05 06 07 08 09 1.0 1.4 06 08 10 12 14 4 06 08 10 12 14
=18 LI B BLLEL BRI B =T '
216 p,,>70 GeV r
%1.4 : '-‘I‘ICE
12 F
1.0 :
0.8 ]
E.E DE’ PI‘E||I'I"I'II'IEIr"I,|f, L. = D.? fb:l -: are dE‘ Endanca -: :
0.4F P,>150 GeV, |y|<2.4 3k = 'E,f;t“ﬂﬁcgﬁa“.ﬂﬁ?”a'”” b n=180p, +p,+p.) .
U’ e | HPEEEE B ST PR R : oo a0 s s s 1 o 4 5 1 4 4 s s o I 4 | oo o 1o s o 1 5 5 o 1 s 5 1 4 4 L
64 06 08 10 1. 2 4 4 06 08 10 1. 2 14 4 06 08 10 12 1.4
J-I‘H (TeV) er (TeV) Mmm (TeV)
Well described by pQCD: 15t test 3-jet NLO cross section!
LHC@BNL July '10 Bob Hirosky, UVa
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VIRGINIA

Y RB3/2: 3-jet/2jet cross section ratio

Goal: test pQCD (and a.) independent of PDFs

----- '
Conditional probability: z e 4
R3/2 R ] e e

= P(3" jet | 2 jets) 1+ s
O3jet | Ozjet 2 Eﬁf{’ + 15’“"” < +,.,

» Probability to find a third jet in an inclusive dijet event
« Sensitive to o, (3-jets: al [ 2-jets: a?)
* (almost) independent of PDFs

LHC@BNL July '10 Bob Hirosky, UVa 50




e D

R3/2: 3-jet/2|et cross section ratio

Measure as function of two momentum scales:
*  Prmax + COmmon scale for both o, and o;
*  Prmin - Scale at which 3™ jet is resolved (o, ONly)

Sensitive to . at the scale pryax
- probe running of a. in Tevatron energy regime - up to 500 GeV

Details:

inclusive n-jet samples (/7=3,2) with n (or more) jets above pr.i,
lyl|<2.4 for all 7leading p; jets

ARt jer > 1.4 (insensitive to overlapping jet cones)

study p+...« dependence for different pr.,;, of 50, 70, 90 GeV

- Measurement of R 5(Prmax ;7 Prmin)

Cross section corrections give systematic uncertainties at 2-6% level!
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VIRGINIA

¥V R

3/2: 3-jet/2jet cross section ratio

gy B . [ = SHERPA
. 02 | 4 \\‘ _ D@ prellmlnary — PYTHIA:
6% : " - =-== tune A
k T sRCLILLL tune DW
~ 0.15 | » » T —
.ﬂ._._:‘ = B ".‘;\‘ - = tune BW
£ : 8 .‘.:* B PR
P LI 5 : 3
s ‘of L,=071" : ¥ awls
o 0.05 |- " = - 5 o
meln = 50 GEV E p'Tmln = ?D GEV E e mem = gﬂ GEV
1 g 1 ' ! .
0 100 E'DU SGU 50‘0 100 EUU 300 500 100 EUQ 300 EGU
Prmax (GEV)

SHERPA: good description (default version w/ MSTW2008LO PDFs)
PYTHIA: huge dependence on tune

« Reasonable description by tune BW
* Popular tunes A, DW - totally off

Maybe: extract strong coupling = up to p;>400 GeV (yet untested)

LHC@BNL July '10
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F%rﬂ gamma-+3-jets w

Double Parton Interactions

DP Type | DP Typelll DP Type Il

. P,
pj:n

Scattering of two parton pairs in a

collision s

oeff: a measure of effective size of o} 2
interaction region ®) @
Contains information on the spatial
Increasingly important for distribution of partons

Uniform: Large oeff :: small cDP

backgrounds to X+n-jets Clumpy : Small ceff :: large cDP
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Double Parton Results

e D

2 Fpnost 40! ™ N ~ E
= 0_5:— DJ, Lim_ 1.0 fb € a5 DO, Lmt_ 1.0fb
> ~ -
o T 5 _
0.5 o -
% Eﬁ 20 l I
g0 s 1
c R |
- ®
-% 0.3 . B I
© £ -
I 02~ ® from AS & 10;
- O from AS, 50
1 fromASp, -
p ool cigimes [l one ol oaled: [ T S S SR NN S S
0 16 18 20 22 24 26 28 30 q5 20 25 - 30|
P (GeV) P (GeV)

DO: PRD 81, 052012 (2010)
Average oeff = 16.4 £ 0.3(stat) £ 2.3 (syst) mb

In agreement with previous CDF measurements:
PRD 47, 4857 (1993); PRL 79, 584 (1997)
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\4 Exclusive jet production w

» Events identified by gap devoid of activity in forward region

— Exchange of colorless object (Pomeron)

» Proposed as Higgs search channel at LHC at very large masses
Exclusive diffractive(EDP)

Single diffraction(SD) Inclusive double Pomeron(IDP)

P P
Dijet }( Dijet Dijet
P! ]
p — — X p — — P P P
Run Number: 192149 Run Number: 208856
Event Number: 4861694 [ oY m Event Number: 50853397 e w
Hj = 180 GeV . H* =125 GeV -
A=0 O=003
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VIRGINIA

Exclusive jet production

» 2 back-to-back central jets (lyl<0.8 and A@ > 3.1rad)

DiS

- p,,>60GeV and p_>40 GeV, Dijet invariant mass >100 GeV

» Low instantaneous luminosity: avoid multiple interactions

1

* Discriminant: A= _exp(— > Er/GeV)+ - exp{
2 2.0<|n|<3.0
- Data

2 10°E D@ Preliminary, 30 pb'|== NDF
S 10° SD
L N IDP
s 104 ' — EDP
E 10° .
£ 102 8 =
o
< 10

1

0 0.2 0.4 0.6 0.8

LHC@BNL July '10 Bob Hirosky, UVa

Y Er/GeV)

3.0<|n|<4.2
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w "
wwm = w

xclusive jet production

S °F Do Preliminary, 30 pb’
o 4 +
S 3 :
- » 26 candidate events, to bkg
[ 2_
) . +42 s
> prediction of 5.4***  1n
n r J -
Rl | = m—— excess bin A>0.85
b 02 04 06 08 A » Excess significance: 4.10
—Data
= 16EDpg Preliminary, 30 pb” [ NDF
O 14; SD
S 12- I IDP
o™ . —
@ 10- EDE
t 8
S 6" +
s Highest mass observation
204 ‘Q;lf 1 of exclusive processes
_ . NN . A PN
50~ 150 200 250 300
M, [GeV]
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" Pprecision QCD
K2 o_in QCD D5

The coupling strength, a_is scale dependent, a _(J.,)

* |ts numerical value is not predicted in QCD
 But Renormalization Group Equation (RGE), predicts u.-dependence

 Measure values in experiment and test RGE compatibility
» For jet production take |, = jet p;

- Values of a () can be compared at a common scale, typically
a (M,), by using RGE

e.g. for two loop solution to RGE

B s (”R)
os(Mz) = 1+ as(pur)(bo + bras(pur))in(pr/Mz)
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VIRGINIA

7" Recent status of o measurements

2008 Review of
Particle Physics

E:-

I Averade '

adromc Jets

AN

———

NS

ep event shape
p pesg

Polarized DI3

o

|
Deep Inelastic Scattetind (DIS)

&1

Spectroscopy (Lattic

)

o2

Q

Y decay
e

e*e rates

Fragmentation
Z width

T decays

/

Photo-production

0.1

o
~ 5
55

©
—
=

Large uncertainty associated with

_—~ "Hadronic Jets”

Previously not very competitive with
other determinations

Now have the tools to substantially
iImprove this result.

 More and better data
* More precise theory calculations

D@ data allow new precision
measurements!

(error band includes theory)

LHC@BNL July '10

Bob Hirosky, UVa 59



VIRGINIA

Extraction of a_from inclusive jet CS w

. jet
Most precise measure of COpert (O Z agcn | @ fi(as) @ fa(os)
Inclusive jet production
S 107 ° . .
3 :EBE D Run I S S sie Renormalization Group Egn
8 o . ?2<Iyl<1§ Exi; uniquely relates a (u), for
O 2<|y|<1.6 (X .
3 10 s 1.6<|y]<2.0 (x2) arbitrary scale p_to a (M,)
A 2.0«lyl<2.4

Express theoretical prediction as:
Otheory (as (MZ ))

do/dp
8(.0
] III\III|_|'I'I'ITI11| [ IIIIH|| T ||||rr|]—rrrrrm|

1E s =1.96 TeV
10’ L=0.70 b

2E I:{cone =0.7 — .
10_3 - — Upert (as (MZ)) Cnon—pe'rt
10 E — NLO pQCD
10 = +non-perturbative corrections
10°f CTEQ6.5M n_=u_=p; Contains a_dependence in ME
6L 1 | L | 1 | | ] . P
10° 5060 100 200 300 400 600  as well as implicit a_dependence
p, (GeV) . _
Phys. Rev. Lett. 101, 062001 (2008) in the PDFs
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VIRGINIA

" Extraction of a_from inclusive jet CS w

Strategy: Determine best fit to data using x? function

npoints [dz _tz(£7§) (1_|_Z 523 €; )}
(& Ea) = > s +Ze —I—Zozk

i—1 1,stat

¢ : fit parameter, a (M,)

§ . systematic parameters for calculation (PDFs, non-pert. corrs)
€ . systematic parameters on measurement (luminosity, jet E scale, etc.)

Minimize x2 wrt variable nuisance parameters (e,a). These vary, but not freely, due
to constraints from prior knowledge of systematics.

Uncertainties due to renormalization and factorization scales can not be treated as
normal distributions. Instead repeat fit with p = 0.5p,, 2.0p; and use difference with

central result, y_. = p..
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w W
wwm Extraction of a_from inclusive jet CS w

Strategy: Determine best fit to data using x? function
npoints [di _@(1 e )}
CGEaa) =y +Ze —I—Zak

2 2
=1 /Ui,stat T Jz’,uncorr

Contains ME and PDFs. Minimizing for ¢ = a (M,) requires
knowledge of PDF sets including a_dependence. Use MSTW2008,

provides fits for 21 values of a (M,) in range 0.110--0.130

¢ : fit parameter, a (M,)
a : systematic parameters for calculation (PDFs, non-pert. corrs)
€ : systematic parameters on measurement (luminosity, jet E scale, etc.)
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\ 4 Choice of PDF models w

MSTW 2008 NNLO (u ) PDF fit

fsof T TS MSTW2008 provides
N F o () = 01715 (3 Gy 2 0% L 1 PDEF fits in fine binning
x 1  of alpha strong.
300 — =
- 1 Allow for smooth
200~ - interpolation of results
: 1 toarbitrary a (M,) in
100 — _|
- | ] range
of i :
0.105 0 LREE (R X P - NNLO accuracy.

arXiv:0905.3531v2
Eur.Phys.J.C64:653-680,2009
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2 Y2
\ 4 Theory w

PQCD (two alternatives):

 NLO + added 2-loop threshold corrections (from Kidonakis/Owens)
‘NLO + 2-loop’

 NLO as cross check

Uncertainties due to scale dependence: y = p, (+ x0.5, x2.0)

Matched to appropriate PDF models
e MSTW2008NNLO for NLO + 2-loop
« MSTW2008NLO for NLO

NLO calculations performed using fastNLO (arXiv:hep-ph/0609285)
» Based on NLOJET++, provides fast recalculations wrt arbitrary PDFs

Non perturbative corrections (hadronization/underlying event)
 From PYTHIA (as with Inclusive Jets analysis)
Uncertainties: - 50% of correction, separately for each component
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Minimizing correlations for data, PDFs

Precision Tevatron jet
data currently
dominate models for
gluon densities at
high-x

-t
o

iy IIII|IIII|IIII|IIII|II AT II|IIII|IIII|IIII|IIII

Gluon distribution at Q% = 10* GeV?

/

1.4

1.3
1.2

1.1
Minimize correlations

between data and
PDFs by restricting

0.9
........... No Tevatron jets

IIII,I‘IIII|IIII‘TIL'II|IIII IIII|IIII|IIII|IIII|IIII

Ratio to MSTW 2008 NLO (90% C.L.)

0.8 o Fit only Run | jets _ _ _
Fit CDFII(KT) + DI jets analysis to kinematic
0.7— _......... Same with o, =oc_ = piETIZ . h ' t
06 -~ Fit CDFl(Midpoint) + D2l jets regions wnere impac
' Fit Run | + CDFII(KT) + DI jets of Tevatron data do
2 0.2 03 04 o5 06 0708 Not dominate PDF
X

determination.
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\ 4 Parton-x sensitivity w

At leading order, di-jet events access x-values of:

eyl L Y2 e~ Yl e~ Y2 , 2pT
— — withxr = —
La LT 9 Lp LT 9 T \/g

Mapping is less clear in inclusive cross section data
x-value not fully constrained given a measurement bin of p_, |y|

Full kinematics unknown, since we integrate over other jets

Construct 'test-variable' treating subleading jet(s) as a jet at |y|=0

i=uxr- (el +1)/2

Cut on x to restrict accessible x-range
Systematics based on variations of cut value
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Minimizing correlations for data, PDFs

ly|<0.4 (x32)

E 13;5 DO Run |l S 0aclv|<0.8 (x16) Select points from inclusive
S 40°k " ?gzlyljg gi; cross section using |
S 10t . 16alyl<20 (x2) approximate mapping having
2 10°F Se, 2 20<lyl<24 strong correlation with
o 102'5 maximum parton-x in a

10 SN\ 2-body collision

1E (s =1.96 TeV

10" L=0.70 fb" > > o— Y|
r=xr - (€ 1)/2

107 = Recone = 0.7 © T ( —I_ )/
10°E — NLO pQCD - A\ LT — QPT/\/E
10 ;g +non-perturbative corrections
10°E CTEQ6.5M m,=H_=Pp

- - 1 1 | | | | | 1 | | 1 n ~
1050 60 100 200 300 400 600 Reqwre x < 0.15

p. (GeV)
22 (of 110) data points 50<p; <145 GeV corresponds to x__~0.25
max
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Results for a_

- 0 (py) from inclusive jet cross section
: , ) in hadron-induced processes
- NLO Matrix Elements for five 0oL
flavors, + additional 2-loop i o H1
threshold corrections - I A ZEUS
(reducing renormalization/ £ 5151 * DO
factorization scale dependence) ' - D@ +
- MSTW2008 NNLO PDFs 0.1 = 0, (M,)=0.1161 i8'882{;
-, (D@ combinedfit)
- Extends results from HERA —~ 0.14 [
to higher - A
gher p; %0_12544”%4[% A —
S 010 . SR ETE I
- Highest P measurements 10 102
of running a_to date pr (GeV)
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VIRGINIA
| o (p7) from inclusive jet cross section
a_(M,) 0.1161 in hadron-induced processes
+0.0041 |
-0.0048 0.2
exp. uncorr. + 0.0001 -
exp. COIT. + 0.0034 /c'z: "
- 0.0029 ‘gn L
non-perturb + 0.0010 01 F
correction |
PDF +0.0012 i
uncertainty - 0.0011
1 —— o.,(M,)=0.1161
u(r,f) +0.0021 «(M2)=0-1161 _ 904
O ] ] | l l l l | l l l | l L l | 1 ] l | l ]

Results a w

Consistent with asymptotic freedom

LHC@BNL July '10
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VIRGINIA

\ 4 Results a
S
Have determined alpha strong from the | dccays wiio) -
D@ inclusive jet cross section Quarkonia (latice) o
Y decays (NLO) |—-:::>—1
|
using theory at NLO plus NNLO DIS F (N3LO) o |
corrections. DIS jets (NLO) —O—
eTe™ jets & shps (NNLO) I—O-:-—I
The measured as(p_r) Supports the electroweak fits (N3LO) n—:c)—-
. »Te™ jets & shapes (NN —0—
energy dependence predicted by the ;;F"_L“; (;O‘g’;;fw‘“‘ ) |
RGE. oIS | b
This is the most precise determination 'QO%LUSWG Jets
of the strong coupling constant from a (2009) : ”012013
hadron collider, comparable to ep—jets. ' ' '
o5 (Mz)

0.0048 | .

a- (M) =0.1161"1 Modifed from: arXiv:0908.1135
2(Mz) —0.0041 Eur.Phys.J.C64:689-703,2009

Phys. Rev. D 80, 111107 (2009)
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Remarks

Jets analyses are a strong component of D@ physics programs
» Providing fundamental insights into light (& also heavy) flavor PDFs,
perturbative & nonperturbative models
» Our data will dominate high-x gluon for some time

» Providing most stringent limits on numerous NP models until LHC
accumulates large data sets. Comparisons w/ benchmark measurements from
Tevatron will speed validation of any new physics signatures.

» VV+jets data critical to sorting out major backgrounds to much new physics.

» Many analyses (eg. V+jets, X+HF jets, photons, highest Bjorken-x) still
statistics limited, but only b/c of excellent understanding of detector.

D@ and our sister CDF have lead the way in precision QCD at a hadron
machine. Our data set will be 8x(or more) higher than most results here,
solid foundation to begin LHC era.
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@ ackups
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DO uses the ‘Run Il midpoint cone algorithm’ '

— @ Conesizes 0.5 and 0.7

@ Seed-based algorithm, use all particles (or partons, or calorimeter towers) as seeds

@ make cone of radius AR = /Ay? + An? < Reone arond seed direction
@ proto-jet: add particles within cone in the ‘E-scheme’ (four-vector addition)
@ jterate until stable solution is found (cone axis = jet axis)

@ Use all midpoints between jet pairs as additional seeds for infrared safety

@ Combine solutions from the above two steps

@ remove identical solutions
@ remove proto-jets with Er < Et min

@ Treat jets with overlapping cones (split/merge)

@ merge jets if more than 50% of the lowest jet pr is contained in the overlap
@ otherwise split jets and assign particles in overlap to nearest jet

1G.G. Blazey et al., Proc. of the QCD and Weak Boson Physics in Run || Workshop (Batavia 1999), [hep-ex/0005012]
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Generators and Tunes

» PYTHIA, Comp. Phys. Comm. 135, 238 (2001) :
» LO 2-jet Maxtrix Elements plus Parton Showers

* Tunes:
Field’s (see arXiv:hep-ph/0610012 for details)

= Tune A — Q%ordered showers, large starting scale for ISR. Fit using
CDF underlying data

» Tune DW - (¥-ordered showers, tuned to match Z p,-distribution, DO
dijet A¢ results.

= Tune BW - (¥-ordered showers, softer ISR than DW

Sandhoff-Skands, et al.
(see arXiv:hep-ph/0905.3418, and Eur. Phys. J. C 39 (2005) for details)

» Tune SO — p;-order showers, annealing color reconnection.
= “"Professor pT0”
» Perugia Series of Tunes — Refinements on Tune s0
= General Area Law (GAL) — SO tune with GAL color reconnections
» SHERPA, JHEP 0902, 007 (20089) .
= Matched tree-level 2-,3-, and 4-jet Matrix Elements plus Parton Showers
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